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ABSTRACT

A collocation formulation is used as the basis for a unified approach to
the various quasi-static aero-thermo-elastic problems. These problems
include rigid and flexible load distributions, divergence, estimation of rigid
and flexible static and dynamic stability derivatives, and the correction of
wind tunnel data measured on flexible models. The formulation utilizes

structural, thermal, and aerodynamic influence coefficients.

The Aerospace IBM 7090 Computer Program No. LD003A provides the
solution to the above problems. The program capacity is fifty collocation

control points and ten values of dynamic pressure.
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SYMBOLS

Element of flexibility matrix
Element of thermal influence coefficient matrix
Reference semichord

Element of oscillatory aerodynamic influence coefficient
matrix

Element of steady aerodynamic influence coefficient matrix
Aerodynamic rolling moment coefficient

Aerodynamic pitching moment coefficient

Aerodynamic normal force coefficient

Element of aerodynamic normal force coefficient distribution
matrix

Element of experimentally determined aerodynamic normal
force coefficient distribution matrix

Local chord

Mean aerodynamic chord

Average chord

Local spanwise lift coefficient

Element of force matrix

Generalized reference deflection

Reference deflection for initial deflection mode
Element of detlection matrix

Element of unit matrix

Flexibility matrix normalizing constant

Refereace reduced frequency
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Rolling moment

Element of mass matrix; bending moment
Pitching moment'

Reference load factor

Element of load factor matrix

Dynamic pressure

Divergence dynamic pressure

Surface reference area

Surface span measured from root to tip
Reference temperature; torque

Element of temperature distribution matrix
Shear

Element of aerodynamic weighting matrix
Cartesian coordinates

Coordinates of aerodynamic center
Coordinate of pitching moment reference axis
Normal force

Denotes incremental value

Angle of pitch

Eigenvalue

Control point location as fraction of local chord
Atmospheric density

Frequency
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Subscripts

a
f

HT N

o
r

Matrices

[]
{}
L}
(17!
M)

Aerodynamic

Flexible

As subscript to CZz, Cm, and C,, denotes partial differ-
entiation with respect to H, T, or N, respectively, e.g.,
Czy = 8Cz/8H; as subscript to Cz, merely denotes

referenceto H, T, or N

Inertial; also used as dummy index, e.g., Ay, denotes
width of ith strip

Model; moment

Initial value

Rigid

Square
Column
Row
Inverse

Diagonal
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SECTION 1

FORMULATION OF PROBLEM

A. Introduction

The most general numerical formulation that can be made of the various
aeroelastic problems is a collocation formulation expressed in terms of
matrices of structural, inertial, and aerodynamic influence coefficients.

Such a formulation of the flutter problem has been discussed in Ref. 1, and
of the static aeroelastic problems in Ref. 2. The present report reconsiders
the static aeroelastic problems by reviewing the derivations and extending
the computational procedures of Ref. 2 in treating the problems of rigid and
flexible load distributions, divergence, estimation of rigid and flexible static
and dynamic stability derivatives, and correction of wind tunnel data meas-

ured on flexible models.

The basis for the present generalized aero-thermo-elastic analysis is
found in recent advances in both aerodynamic and structural theories. The
aerodynamic developments have proffered aerodynamic influence coefficients
based on a number of theories, covering the entire Mach number range of
current interest. The structural developments have provided structural
and thermal influence coefficients for external and temperature loadings,
respectively, for surfaces of arbitrary aspect ratio. The current state of
the art of aerodynamic and structural influence coefficient analyses is sur-

veyed in Refs. 3 and 4, respectively.

B. Sign Convention

We choose the NASA body stability axis system as our coordinate
system: x forward, y starboard, and z down. Positive loads and deflections
are in the same directions, and positive moments are given by applying the

right-hand rule to the coordinate directions.

P



C. Derivation of Equations

The force distribution {F} acting on a flexible lifting surface or body
arises from two sources: the aerodynamic forces resulting from the attitude
(as specified by the deflection mode {h}), and the inertial forces resulting
from a distribution of load factor {n}. The aerodynamic forces are found
from the weighted (the weighting matrix must be derived from experimental
data on the force changes resulting from changes in attitude; see Refs. 5 and 6)
steady aerodynamic influence coefficients (AICs), and/or a set of experi-

mentally determined control point force coefficients
{F,} = (as/2)W][Cn ] {n} + as{ci) (1)

The use of the experimental force coefficients is generally necessary to
account for the aeroelastic behavior arising from camber and/or wing-body

interference. The inertial forces are found from the mass matrix
= 2
{F} = (M {n} @)

The total force distribution therefore becomes

il

{F}

{Fa* + *Fl} (3a)

1}

(a8 Wl[Cp 1{n} + as {ci} + [M]{n} (3b)

-2~



The deflection mode {hi is composed of the initial deflection mode of the
rigid surface {hr}* the thermal distortion mode (which may be considered
to be initially built in) which is found from the incremental temperature dis-
tribution and the matrix of thermal influence coefficients (TICs), and the

deformation mode of the flexible surface {hf}
{b} = {n.} +lagl{th+ {ngd (4)

The deformation mode of the flexible surface is found from the total force

distribution and the matrix of structural influence coefficients (SICs)
{ngt = Ka] {F} (5)

where K is a normalizing factor to the SICs (introduced for convenience in
studying variations in stiffness levels). Combining Eqs. (3b), (4), and (5)

permits the solution for the deformation mode

(6)

{hi} = KAl [a] {F}

where {Fr} is the force distribution on the rigid system (again considering

the thermal distortion to be initially built in).

{Fo} = @S/AWI(Cn,] ({ne} + lagd 1)) + as{cid} + IMI{n} . (D)

“A distinction is made later in the derivation [see discussion preceding
Eq. (31)] between two sources of the initial deflection mode: that arising
from any built-in twist or camber and that arising from the attitude (some-
times called the additional deflection mode). The program computes the
initial deflection mode as the sum of these, {hz} = Ho{hr/Ho} + H{h/H}, and
both sets of data are required. The distinction is not made at this point
because it is not essential to the derivation.



where
[A] = (1] - (KqS/e)a][W][Ch 1) (8)

The total force distribution is found by returning to Eq. (3b) with Eqs. (4)
and (6)

{F}=[B]{F,} | (9)
where

[B] =11] + (Kas/@AW][Ch_][Al[a] (10)

For the purpose of structural analysis, it is often convenient to convert the
control point forces into the structural loads of shear, moment and torque at
particular stations. A set of transformation matrices may be defined to

compute

the shear

{v} = [v/F]{F} (11)
the moment

{M} = [M/F]{F} (12)
and the torque

{T}=[T/F{F} (13)

-4 -



Each element in the load coefficient matrices is the load at a particular

station due to a unit control point force.

In certain longitudinal problems, it is desirable to adjust the attitude
so that the flexible system sustains a specified total aerodynamic force. If

we denote the specified total by Z, then

({7} - (M)fn})= 2 (14)

and if we extend the definition of {hr} in Eq. (4) to include the change in pitch

attitude, we have
{hp}={n; } - ae{x| (15)

The substitution of Eqs. (7), (9), and (15) into Eq. (14) leads to the solution

for the incremental pitch angle

a8 = (1/D)(C - 2) (16)
where
- L ((BNF« } - [M]{n}) (17)
D = (qS/NY[B}[W][Chgl{x} (18)
and

{Fro}= (qs/E)[W][chs]({hro} + [aT]{t}) + qs{cffr)} + [M]{n} (19)

-5-



The final force distribution in this case follows from Eqgs. (7), (9), (15),
and (19)

{F}=[BI{Fr } - a6(as/T)BI[W][Ch,l{x} (20)
The final deflection mode follows from Eqs. (4), (5), (15), and (20)
{h}:{hro}-Ae{x}+K[a]{F}+[aT]{t} (21)

A variation of the foregoing is found in maintaining a constant total force
equal to that given by the rigid condition (without the thermal distortion). In

this case
0 — (e
= qsl1) (1 /DW] [Chgl{oro} + E2))) (22)

and Eqs. (16), (17), (18), (20), and (1) provide the solution for the final force

distribution and deflection mode.

The possibility of divergence is seen in Eq. (6) as the inverse of the
matrix [ A] approaches singularity. The critical values of (Kqs/¢) that yield
a singularity are related o the eigenvalues 'of the matrix, and the divergence

condition is specified by the eigenvalues of the equation
Mheh = [al [WIlChglins} (23)
where

N=CT/KSq . (24)

from which the divergence dynamic pressure is found

94;y = T/MKS (25)



Any positive value of iy shows a divergence possibility although
usually only the first or second values have any practical significance. The

corresponding eigenvectors of Eq. (23) are the divergence modes.

The foregoing development of the force distribution on the flexible
system provides the basis for estimating aerodynamic stability derivatives.

The aerodynamic coefficients are defined by the follnwing:

C, = 2/aS (26a)
= (1/qsI ({F} - [MI{n}) (26D)
C,., =M/aqsz (27a)
= -(1/a50x - o) ({F} - [M}{n}) (27b)
C, =&/qSs (28a)
= 1/aSslly) ({F} - [M{n}) (28b)

The center of pressure is found from

(x - xo)/E = Mz (29a)
= -cm/cz (29Db)
v/is=8/2 (30a)

= C) /cZ (30b)

7.
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The force distribution for use in the above equations is found from Eqs. (7)
and (9). To derive the stability derivatives, it is convenient to define a
reference generalized deflection H, a reference temperature change T, and

a reference load factor N. It is further convenient to consider an initial
deflection mode {hr} = HO{hr/Ho} where Hy is a reference initial deflection as
distinct from that caused by the attitude change (additional deflection) specified
by H. * These modifications permit Eq. (7) to be rewritten in a more general

form
{Fo}= qS({C‘z‘i’} + (/W [Cn,] (Hofh, /H}
+ H{h/H} + T[aT] {t/T}))+ N[M] {n/N} (31)

The initial coefficients and the stability derivatives are defined by

cC,=C, +C, H+C_, T+C,_, N (32)

Z Zo ZH ZT ZN

cC =C +C_H+C_ T+C_ N (33)

m.m, H T N

C,=C, +C H+C, T+C N (34)
o H T N

where Cz, Czrps and Cgzy\ are examples of aerodynamic, thermal 2nd
inertial derivatives, respectively. The substitutions of Eqs. (9) and (31)
into Eqs. (26b), (27b), and (28b) and a comparison with the coefficients of
H, T, and N in Eqs. (32) through (34) yields the following. The initial

*
See footnote, p. 3.
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coefficients are

C
m
o

Cz_ = LLIBl{C,,)

= -(1/e)x - x_][B] {C

2}

G = (1/8) Lyl[BI{C, }

where

{Ca t = {Ca} + (HO/E)[W][chs]{hr/Ho;

(e

The aerodynamic stability derivatives are

C

m

Czy " LII[B}{Czpy,}

= -(1/e)Nx - x,I[B]{C

2

czH = (1/s)yl[B]{C, }

where

{Capy,d = W/EAWI[Ch l{n/H}

The thermal derivatives are

cZT=LIJ[BHCzT}

(35)

(36)

(37)

(38)

(39)

(40)

(41)

(42)

(43)



Conp = "0 /3 x - % I[B]{Car} (44)

S = (/o yI[Bl{C, ) (45)

where
{Corl = (1/RNWILCy ] {t/T} (46)

Finally, the inertial derivatives are

cZN =L 1) {Canl (47)
cmN = =(1/T) - x_1{Ca} (48)
czN = (lls)[y]{CzN} (49)
where
{C.p} = (K/BAWI[Cp ] (Al [a] [M]{n/N} (50)

The center of pressure for each of these loadings is found from Eqs. (29b)

and (30b) using the appropriate coefficients or derivatives.

The rigid aerodynamic stability derivatives may be estimated from
Eqs. (39) through (42) by taking [B] =[1I] (i.e., q = 0). Equations (39)
through (42) may also be used to estimate dynamic stability derivatives by

using the (complex) oscillatory AICs which are defined by

{F} = pwzbis[W][Ch]{h} (51)

«10-
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By comparing this detinition to the steady definition of Eq. (1), we see it is
only necessary to replace [Cy ] by Zki (cs/S)[Cy] and to permit {h/H} to
become complex in order to make all of the preceding development applicable

to the oscillatory case. Since this is a significant feature of the present

analysis, we digress to illustrate the calculation in some detail. We choose
as an example the estimation of the symmetrical longitudinal stability deriv-
atives. We begin with the general expressions for the lift and moment coef-

ficients for transient longitudinal motion.

C,=C, atC, (a€/2V)+C, (6T/2V)
a Da q

w2 2 gy} 2
+C (aT"/4V°) + C (6c®/4V7)y + - - (52)
ZDZQ ZDq

{ C_=C_ a+tC_ (a¥/2V)+C (ec/2V)

m m Da q

+C

. c2/av?) + cme(éEZ /4vey + - (53)

Z(a
a

If we truncate the series at the points shown in Eqs. (52) and (53), and con-

sider the case of harmonic pitching (6 = a) with amplitude ay then

2
C,=alc, +ik(C +C -k“(c +C (54)
z o[ Zq ( %Dq ZQ) < ZDZ“ ZDq >]

2
C_=a_|C + ik(C +C -k7|C + C ] (55)
m o[ m(1 < mD(1 mq) < mDZ<1 me>

-11-
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where the reduced {requency k = w&€/2V. In the case of harmonic plunging
(8 =0, a = h/V) with amplitude h o then
2

. = s SR
= ho(Z/c)[lkCZ -k°C, -ik’C, , ] (56)
a Da D a

° _ 1. 2 .3
C_= ho(Z/c)[kam -k"Cc_ -ik’C_ , ] (57)
a Da Da

The lift and moment coefficients can also be found from Eqs. (39), (40), and
(42) by making the substitutions noted above (i.e., [B] =[1I], and replacing
[Ch,) by 2k2(Es/S)C,]).

C, = H_u]{czHr} (58)
L]
Cm = - H1/&) x ~ xoj {CzHr} (59)
where
{Cayy } = 2Z(s/S) W] Chl {n/H} (60)

To appraise the various longitudinal derivatives it is necessary to evaluate
Eqs. (58) through (60) for both motions, pitching and plunging. For pitching
about station Xy the reference deflection is taken as H = ags and the addi-
tional deflection mode is {h/H}= {x] - x}; for plunging, the reference deflec-
tion is H = h_, and the additional deflection mode is {n/H}= {1}. The
computational sequence is now evident. The evaluation of Eqs. (58) and (59)
for the Elungihg motion yields two complex numbers which, when identifieqd
with the real and imaginary parts of Eqs. (56) and (57), lead to the four
derivatives CZDQ' CmDo,' CZDZa' and CmDZ(1 (assuming, of course, that
the static stability derivatives Cza and C,,nu have already been determined).

-12.



A similar evaluation of Eqs. (58) and (59) for the pitching motion yields
another set of two complex numbers which, when identified with the real and
imaginary parts of Eqs. (54) and (55), and with appropriate utilization of

the angle of attack derivatives determined previously, lead to the remaining
derivatives Czq. Cmq, Cqu. and C,,, . In a similar manner, many of
the lateral-directional dynamic stability derivatives can be found from

oscillatory AICs.

Our treatment of the stability derivatives provides a means of estimating
a dimensionless spanwise load distribution and the spanwise variation cf the
chordwise center of pressure on a lifting surface. This calculation requires
the data on which the AICs are based, i.e., the location and number of thé
chordwise control points, and the widths of the strips into which the surface
has been divided. The load distribution coeff. ients are needed to make these

calculations. The flexible load distribution coefficients are given by
{sz} = [Bl{C,} (61)

where {Cz} denotes any of the various distributions for the different loads
except for the inertial loads; i.e., {Cz} can be taken to represent any of
{cz.} {CZHX_}, or {Czr}i in the inertial case, {CZN} is used directly, i.e.,
’sz}= {CZN}- The elements of {sz} are listed in order for each surface
strip as derived in the AICs and can be used to find the local dimensionless
loading and center of pressure. Let us denote the sum of the load coefficients

on the ith strip by

ACZ. = Z .sz (62)
1 strip1

and the moment about the leading edge by

aC_ = f‘_‘“gczf , (63)
1 stripi

13-



where § is the dimensionless chordwise location of each control point aft of

the leading edge. Then the spanwise loading on the ith strip is given by

(¢e/); = -aCy (s/y) (64)

where Ay, is the load strip width. The local center of pressure is given by

£, =4C_ /aC, (65)
1 1

The problem of reducingwind tunnel data is our last consideration. The
purpose of a wind tunnel test is the measurement of the so-called rigid loads
on the configuration (unless the model is specifically designed for aeroelastic
measurements). But since no model is completely rigid, some aeroelastic
correction can be made to any wind tunnel measurement. We now consider
this correction. The situation is described by Eq. (61), which may be

written as
el = (Bl it} (66)

where {C(zei)} is the set of force coefficients measured on the flexible model,
[By) is the aeroelastic amplification matrix based on the model properties
from Eq. (10), and {C(zer)} is the set of desired force coefficients on the rigid

configuration. Obviously the rigid force coefficients follow from the inverse
of Eq. (66)

{ct = (Bl {ciS) (67)

The rigid force coefficients so determined then provide the starting point for

the aeroelastic analysis of the prototype.

«14-
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SECTION II
GENERAL DESCRIPTION OF INPUT

A, Units

All units are taken in the pound-inch system with two exceptions: the
surface area is in square feet, and the dynamic pressure is in pounds per

square foot,

B. Example Problem

We consider the static aeroelastic analysis of the five strip wing whose
geometry is shown in Fig. 1. This is the jet transport wing analyzed by
Bisplinghoff, Ashley, and Halfman throughout Ref. 7. We will use the follow-
ing program options: trimmed loads with the structural loads suboption, di-
vergence, aerodynamic stability derivatives (due to angle of attack), and
inertial derivatives (due to symmetrical load factor), We proceed to assemble
the data required as input to the program when it is to perform these options.
The flexibility, mass, and aerodynamic influence coefficient matrices (all size
10 X 10) are printed in the program output example (pp. 45 through 48 ) and
need not be shown here. The flexibility and mass matrices are taken from
Ref. 1; the aerodynamic influence coefficients are developed from the subsonic
lifting surface method of Ref. 8 at a Mach number of zero. We shall list only
the additional data needed for the representative options. A basic list of con-

stants can be used for all of the options and is given below:

225 inches
1.0 x 10-7
564. 236 square feet

N oo
] "

n

-41,919 pounds (this is the lift on one wing required in level flight
neglecting any tail load or fuselage lift, and taking one-half the
fuselage weight as 17, 400 pounds)

1.0

ey
"

-17-
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T =0

N =1.0

8 = 500 inches
X, = 0

H0 =0

For the loads option we make the following assumptions: the aircraft is
to be trimmed at three values of dynamic pressure: q = 400, 800, and 1200
psf; the aerodynamic matrix needs no experimental correction (the weighting
matrix is taken as unity); no lift has been derived experimnentally ({C(zer)} = {O},
size 10 X l); there is no initial deflection mode ({hr/Ho} = {0}, size 10 X 1);
the additional deflection mode corresponds to zero angle of attack ({h/H} = {0},
size 10 X 1); and the symmetrical load factor distribution matrix is a unit
column ({n/N} = {I}, size 10 X l). The control point chordwise coordinate

matrix for use in the trim analysis is

(20, 25)
-81.00
17. 85
-71. 40
15, 80&

x} =«{=63, 20 »(inches)
{ } < 13, 30
-53,20
11.05
-44, 20

measured from the (unswept) 35 percent chord line as shown in Fig. 1. The
final data necessary to compute the structural loads are the shear, moment,
and torque coefficient matrices. Considering only the loads at the side of the

fuselage, we have
[V/IF] = |1], size 1 X 10,
[M/F] = |45 45 141 141 223 223 323 323 413 413},

[T/F] = |-20.25 +81.00 -17.85 +71,40 -15. 80 +63. 20 -13. 30 +53. 20 -11,05
+44.20].

-18-
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The divergence option may be run simultaneously with the loads option
since it requires only a pcrtion of the above information. We request two

divergence modes and dynamic pressures to be found.

The aerodynamic derivatives options will be carried out for the rigid
case (q = 0) in addition to the previous list of dynamic pressures. The addi-
tional deflection mode {h/H} used in the aerodynamic stability derivatives will

be based on a one-radian angle of attack mode and is found from

-0, 35343)
1.41371
-0. 31154
{ ) } ) .< 1. 24616
h/H} = -{x/57. 296} =<-0, 27576 er degree)
{ * 1.10304 >(P g
-0.23213
0.92851
-0. 19286
L0. 77143/

The calculation of the load distribution and the rolling moment coefficient
requires the following additional data shown in Fig. 1: the spanwise coordinate

matrix
[y] = |90 90 186 186 268 268 368 368 458 458] (inches),

and the width of each strip and the dimensionless chcrdwise location of each

control point on the strip.

StriE No. Ay gf ga
1 93 0.25 0.75
2 89 0.25 0.75
3 91 0,25 0.75
4 95 0. 25 0.75
5 87 0.25 0.5
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It is possible to perform all or any selected number of program options
with one input deck if all data are real, although, in the example problem
taking {h/H} = {0} in the loads option does not permit calculation of the aero-
dynamic stability derivatives and taking q = 0 in the stability derivative op-
tion (to find derivatives for a rigid system) is not compatible with the trimmed
loads option which requires q > 0. To avoid computing irrelevant results, we
use two data decks, reproducing the cards {data) in the first deck that can be

used as a part of the second deck.

C. Program Restrictions and Options

1. Maximum matrix size is 50 X 50.
2. Maximum number of dynamic pressures per deck is 10,

3. Provision has been made to reserve a partition in the upper left-
hand corner of the total AIC matrix for control points (and the flexibility and
mass matrices must be compatible with this order of control points) whose
aerodynamic forces may be neglected or found from an alternate theory to
that used for the primary control points. This partition is termed the "'external
store'" region since external stores are an example of a source of additional
control points requiring such special consideration. The maximum number of

control points that can be reserved for external stores is 49.

4. Maximura number of modes to be evaluated for the divergence op-

tion is 25.

5. For real and complex derivative calculations, the maximum number

of strips is 20; the maximum number of control points per strip is 10.

6. Multiple options may be performed with one deck except for the

following restrictions:

a. The structural loads option must be used as a suboption to the

other loads options.
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b. In any one input deck, all data must be for steady case (real)

options or all data must be for oscillatory case (complex) options.
¢. The divergence option cannot be used in the complex case,

7. Only one matrix of associated aerodynamic influence coefficients
may be included in any one deck. When external stores are present, the
matrix includes the AICs for the stores; however, this area may be set to

Zero.

8. In the oscillatory case, the following data must be input in complex
form: AIC matrix, temperature mode, experimental forces, initial deflection

mode, additional deflection modes, and load factor mode.

9. Program options and significant equation numbers as assigned in

Part C, Section I are listed below.
a. Loads for constant root angle of attack; Eqs. (31) and (9).
b. Loads for trimmed condition; Eqs. (31) and (20).
c. Loads for constant lift coefficient; Eqs. (22), {31), and (20).
d. Divergence, Eq. (23).
e. [Initial coefficients; Eqgs. (35) through (37).
f. Aerodynamic stability derivatives; Eqgs. (39) through (41).
g. Thermal derivatives; Eqs. (43) through (45).
h. Inertial derivatives; Eqs. (47) through (49).
i. Experimental data reduction; Eq. (67).

j. Structural loads; Eqs. (11) through (13).
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SECTION III
. DATA DECK SETUP

A. Loading Order

Data decks are loaded behind column binary deck LDO03A. There are

nineteen items that can be used in the data deck. The deck is set up with the

items entered in the following order:

11.
12.
13.
14.
15.
l16.

17.

Heading card

Data deck control card
Constants cards

Dynamic pressure card(s)
Flexibility matrix
Aerodynamic matrix
Weighting matrix

Thermal matrix
Temperature mode
Experimental force column
Initial deflection mode
Additional deflection mode
Mass matrix

Load factor column
Chordwise coordinates
Spanwise coordinates

Strip widths and control point locations (percent chord)
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18. Load coefficient matrices (shear, moment, torque)
19, Second and successive '"additional deflection mode'" columns

Items 1, 2, 3, and 6 must be present in all data decks; the presence (or
absence) of the other items is determined by the option and data indicators

used in the data deck control card (Item 2).

B. Input Data Description

l. The heading card may contain any alphanumeric characters desired
in Columns 2 through 80. It is normally used for job title, engineer's name,

and data.

2, Data deck control card (FORMAT 1814): This card specifies which
options are to be performed and also indicates the presence of certain data.

The eighteen fields of this card are used as follows:

Field 1. Column 4 contains a 1 if load option 1 (LOADS FOR
CONSTANT ROOT ANGLE OF ATTACK) is to be
performed; it contains a zero or blank if not to be

performed.

Field 2. Column 8 contains a ! if load option 2 (LOADS FOR
TRIMMED CONDITION) is to be performed, a zero
or blank il not.

Field 3. Column 12 contains a 1 if load option 3 (LOADS FOR
CONSTANT LIFT COEFFICIENT) is to be performed,

a zero or blank if not.

Field 4. Column 16 contains the number of modes (25
maximum) of the DIVERGENCE ogtion to be

performed, a zero or blank if not.

Field 5. Column 20 contains a 1 if the INITIAL COEFFICIENTS

option is to be performed, a zero or blank if not.
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Field 6.

Field 7.

Field 8.

Field 9.

Field 10.

Field 11.

Field 12.

Field 13.

Field 14.

Columns 23 and 24 contain the number of solutions
for AERODYNAMIC STABILITY DERIVATIVES
desired. This option permits varying the '"additional
deflection mode" {h/H} when the other data are
unchanged. The first mode is included as Data Item
12, and the second and successive modes are
included as Data Item(s) 19.

Column 28 contains a 1 if the problem is complex, a

zero or blank if all data are real.

Column 32 contains a 1 if the THERMAL STABILITY
DERIVATIVES option is to be performed, a zero or
blank if not.

Column 36 contains a 1 if the INERTIAL DERIVA-
TIVES option is to be performed, a zero or blank
if not.

Column 40 contains a 1 if a weighting matrix is

included in the data deck, a zero or blank if excluded.

Column 44 contains a 1 if a thermal matrix and
associated temperature mode are included in the

data deck, a zero or blank if excluded.

Column 48 contains a 1 if an experimental force
column matrix is included in the data deck, a zero or
blank if exluded.

Columns 51 and 52 contain the number of elements
(control points) reserved for external stores, a zero

or blank if none is reserved.

Columns 55 and 56 contain the number of dynamic
pressures (10 maximum) for which cycling options

(repeated for each ''q"') are to be performed.
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Field 15. Column 60 contains a 1 if the EXPERIMENTAL
DATA REDUCTION option is to be performed, a

zero or blank if not.

Field 16, Column 64 contains a 1 if the STRUCTURAL LOADS

option is to be performed, a zero ¢r blank if not.

-

Field 17, Columns 67 and 68 indicate the order of the system

contained in the data deck (50 maximum).

Field 18. Column 72 contains a 1 if the flexibility matrix is

present in the data deck, a zero or blank if absent.

In the subsequent description of input data we find it convenient to
refer to above fields 1, 2, 3 4, 5, 6, 8, 9, 15, and 16 as Options identified

by the respective field numbers. The other fields contain control numbers

and will be referred to as Item 2, Field (respective number).

3. Constants cards (FORMAT 6E12.8): The two constants cards

contain the items listed in the following order:

a.

CBAR: mean aerodynamic chord

FLEXK: flexibility matrix normalizing constant (or scaling

factor); when the matrix has not been normalized FLEXK =1.0
CAPS: surface reference area

CAPZ: vertical force

CAPH: generalized reference deflection

CAPT: reference temperature change

CAPN: reference load factor

SMALS: surface span measured from root to tip

CAPXO: coordinate pitching moment reference axis

CAPHO: reference deflection for initial deflection mode
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4. Dynamic pressures (FORMAT 6E12.8): If six or fewer dynamic
pressures are liste ', onecavd is used; seven through 10 pressures require

two cards. The q card(s) are not required when performing Option 4
(divergence) above, but unless Item 2, Field 14 is zero or blank, the q's

must be input and must agree with the number in this field.

5. The flexibility matrix [a] is input if its presence has been indicated
in the data deck control card (Item 2, Field 18). If not included as input, a
rigid case is assumed ([a] = [0]). The following card order and formats

must be used when the matrix is input.

a. Control card (FORMAT 1814)

Field 1. Columns 3 and 4 contain m, the number of rows in
the matrix (< 50).

Field 2. This field is not used; it may be left blank.

Field 3. Column 12 contains IFORM; if IFORM = 1, the
matrix elements are to be input using FORTRAN
FORMAT 6E12, 8; if IFORM = 0, the elements will
be input using column binary format.

Field 4, Column 16 contains IROW; if IROW = 1, the matrix
elements are input by row; if IROW = 0, the elements

are input by column.
b. Matrix elements (use format specified above)

If IFORM =1, and IROW = 1: use FORMAT 6El2. 8 and input
the matrix element by row: each new row starts on a new card (line).
" If IFORM =1, and IROW = 0: use FORMAT 6E12. 8 and input
the elements by column with each new column beginning on a new card.
If IFORM = 0, IROW must = 0;: the. matrix elements are input
using column binary format. This format should be used only if the data are

available as punched-card output from appropriate computer programs. The
elements must be punched by columns; Column 1 starts in Origin 1 and
Column 2 starts in Location (1 + m). A TRA card must end the deck. (This
transfer card has a 7 and a 9 punch in Column 1, Columns 2 through 72 are
blank, and Columns 73 through 80 will contain the characters used for
identifying and sequencing the deck. )
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6. The aerodynamic matrix [Ch] is always present in the data deck.
It consists of two parts if external stores have been reserved in Item 2,
Field 13, and it is real (steady case) unless indicated as complex (oscillatory
case) in Item 2, Field 7. The [Ch] matrix must be entered as follows with
this exception: Items a and b (below) will be omitted when no external stores

are reserved:
a. Control card for store"[Ch] (FORMAT 1814)

Field 1. Columns 3 and 4 contain m, number of control
points reserved for external stores (< 49); m =0
will direct the program to set the store [Ch] to

zero.
Field 2. This field is not used, it may be left blank,
Field 3. Column 12 contain IFORM as defined in Item 5a.
Field 4. Column 16 contains IROW as defined in Item 5a.

b. Store matrix elements (format specified in Fields 3 and 4,
above control card): Omit this input if m = 0 is used in the control card.
When the external stores [Ch] matrix is input, use the format in the manner
described in Item 5b. If the matrix elements are complex numbers
(oscillatory case) consider the matrix size as m X 2m (imaginary parts of
the elements form the even-numbered columns) and input as though all

elements were real numbers,

c. I/kr card (FORMAT 6E12.8): The reference reduced velocity
card is always present. For the steady case, it may be blank or contain any
number, but for the oscillatory case it must be the 1/kr associated with the

aerodynamic matrix,
d. Control card for surface [Ch] matrix (FORMAT 1814)

Field 1. Columns 3 and 4 contain m, the number of control
points on the surface. ( m = size of system minus

number of store control point.)



Field 2. Columnns 7 and 8 contain L, the number of strips
(partitions) in the surface. L= 1 for a full

(unpartitioned) matrix.
Field 3. Column 12 contains IFORM as previously defined.
Field 4. Column 16 contains IROW as previously defined.

e, The input listed below must be repeated for each partition
(i=1, L).

(1) Partition size (FORMAT 18]4)

Field 1. Columns 3 and 4 contain n, the number of control
points on strip i (size of partition i). If L =1,

n = total number of control points on the surface.

(2) Matrix elements in partition i (format specified in

control card, Item 6d).

When the matrix is for the steady case the elements in each partition are
input in the same manner as the elements in the [a] matrix (Item 5b). In
the oscillatory case, the elements are entered in the same manner as

described for the stores oscillatory [Ch] matrix (Item 6b).

Note: Punched cards output from IBM programs based on the sources listed
below may be used (with no alterations) for Items 6c, 6d, and 6e when the
theory is appropriate to the problem. Punched cards output from the pro-
gram based on slender-body theory may be used for Items 6a and 6b if the
first card (llkr) is removed from the deck. The list shown is complete only

at this writing; additional compatible sources are currently under development.

W. P. Rodden, E. F. Farkas, H. Malcom, and A. M. Kliszewski.
'"Aerodynamic Influence Coefficients from Incompressible Strip Theory:
Analytical Development and Computational Procedure." Aerospace Corp.
Report No. TDR-169(3230-11)TN-5, 3 September 1962.
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W. P. Rodden, E. F. Farkas, H. Malcom, and A, M. Kliszewski,
"Aerodynamic Influence Coefficients from Supersonic Strip Theory:
Analytical Development and Computational Procedure." Aerospace Corp.
Report No. TDR-169(3230-11)TN-1, 1 August 1962.

W. P. Rodden, E. F. Farkas, H. Malcom, and A. M. Kliszewski.
""Aerodynamic Influence Coefficients from Piston Theory: Analytical
Development and Computational Procedure."! Aerospace Corp. Report
No. TDR-169(3230-11)TN-2, 15 August 1962,

W. P, Rodden, E. F, Farkas, and G, Y. Takata. '"Aerodynamic
Influence Coefficients from Slender-Body Theory: Analytical Development
and Computational Procedure." Aerospace Corp. Report No.
TDR-169(3230-11)TN-6, 31 October 1962.

7. Weighting matrix: The weighting matrix [W] is input if its
presence has been indicated in Item 2, Field 10, The matrix is entered
with formats identical to those given for the [Ch] matrix (Item 6a,b,c, d, e)
with three exceptions: (1) the l/kr card (Item 6c¢) is omitted; (2) in
repeating Item 6a if m = 0 the program will use a unit matrix for the store
[W]; and (3) the matrix is always real. It is not required that [Ch] and [W]
be input with the same format in the same data deck; i.e., one may be in
column binary while the other uses FORTRAN format, and one may be

partitioned while the other is a full matrix.

8. Thermal influence coefficients matrix: The thermal matrix [aT]
is input when Item 2, Field 1l notes its presence. The matrix is required
input for Option 8. The formats for entering [aT] are the same as those

used for the flexibility matrix: Items 5a and 5b.

9. Temperature distribution column (FORMAT 6E12, 8): The temper-
ature mode {t/T} always accompanies the above thermal matrix. For
steady cases (real AICs), the {t/T} matrix is entered as one column, six
elements per card, For oscillatory cases (complex AICs), the mode is
complex with the imaginary part considered as a second column; tabulate by

column with the second column starting a new card.
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10. Experimental force column (FORMAT 6E12.8): The experimental
force column {C(zi)} is input only if its presence has been indicated by Item 2,
Field 12. The column (real or complex) is entered in the same manner as

the column in Item 9.

11. Initial deflection mode (FORMAT 6E12,8): The initial deflection
mode {hr/HO}, must be present to perform Option(s) 1, 2, 3, and/or 5.
Again refer to Item 9 for entering the column (real or complex). If all
elements in the column are zero, a sufficient number of blank cards may

be used.

12. Additional deflection mode (FORMAT 6E12.8): The additional
deflection {h/H} must be included for Option(s) 1, 2, 3, and/or 6. See

Items 9 and 11 for inputing this column (real or complex).

13. Mass matrix: The mass matrix [M] must be in the data deck

when performing Option(s) 1, 2, 3, and/or 9. The matrix is input as follows:

a. Control card 1 (FORMAT 1814): Field 1 must contain NRC,

order of the matrix (same as Item 2, Field 17).

b. Control card(s) 2 through 7 (FORMAT 1814): Field 1 and
consecutive fields in control card 2 and successive control cards contain in
order LLl’ LHI’ LLZ' LHZ’ cee LLNRC' LHNRC' LLi is the row
number where the first nonzero element appears in column i; LHi is the
row number where the last nonzero element appears in column i. If only

one nonzero element is in column i, its row number must be used for both
LLi and LHi'

c. Elements in [M] matrix (FORMAT 6E12.8); The elements are

entered by column as shown below. Each column starts on a new line (card).
Column 1: elements’ LL, through LH,
Column 2: elements LLZ through LH2

Column NRC: elements LLNRC through LHNRC
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Any zero elements between LLi and LHi must be entered or their respective
fields left blank. Ifallelements inacolumn are zero, then at least one
element must be entered as zero (a blank card may be used); LLi and LHi

for this zero element must appear in the above control cards.

14. Load factor column (FORMAT 6E12.8): The load factor column
{n/N} is included if [M] is used (Option(s) 1, 2, 3, and/or 9). If no
correction is desired, input a unit column. The column is real for steady

cases and complex for oscillatory cases. (See Item 9 for column input.)

15, Chordwise coordinates (FORMAT 6E12.8): The control point
coordinate matrix {x} or |x] is input for Option(s) 2, 3, 5, 6, 8, 9, and/or
15, The matrix is entered only once (six elements per card) for any combi-

nation of the above options.

16. Spanwise coordinates (FORMAT 6E12.8): A spanwise control
point coordinate matrix |y} must be used with Option(s) 5, 6, 8, 9, and/or

15. The elements in |y] are the control point distances from the roll axis.

17, Strip widths and control point locations (percent chord): The strip
widths Ayi and the control point locations §i,j (given as a fraction of the
local chords) are required for Option(s) 5, 6, 8, 9, and/or 15. These data

have the following input format.
a. Control card(s) (FORMAT 1814)

Field 1. This field must contain NSTRP = number of surface
strips (maximum of 20 for above options). Do not

include external stores as strips.

Field 2. Field 2 and successive fields contain NCPTi = number
of control points (£ 10) on strip i. (i = 1, NSTRP)

b. Ayi and §i,j G =1, NCPTi) (FORMAT 6E12.8): These data
are entered by strips; each strip requires one line (card) when NCPT <5 and
two cards when NCPT > 5. Start with the first card for strip 1 and input the
data as follows:

Field 1. Aylz width of strip 1.
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Field 2. 511: location of first control point for strip 1.

Field 3. §12: location of second control point for strip 1.

Field (NCPT1 + 1). glNCPTI: location of last control point
for strip 1. (If NCPT > 5, then §16 would be in
Field 1, second card).

Repeat the above for each strip

18. Transformation matrices for structural loads: The shear, moment,

and torque matrices, [V/F], [M/F], and [T/F], are input only if Option 16
is selected in conjunction with Option(s) 1, 2, or 3. The elementg in any
specific row of each matrix are the loads at a particular station due to a

unit control point force.

The matrices are input in the order in which they are listed {above
pp. ) with each using the same format (similar to the mass matrix but input
by rows instead of columns). The format for [V/IF] is given below; the same
format is used for [M/F] and [T/F].

a. Control card 1 (FORMAT 1814): Field 1 contains NVMT, the
number of rows in [V/F]. Note the matrix size is (NVMT X NRC), where
NRC agrees with Item 2, Field 17 and NVMT < 20.

b. Control card(s) 2 through 7 (FORMAT 1814): Field 1 and
consecutive fields of these cards contain LOWI, LHIGHI, LOWZ, LHIGHZ,

e s LOWNVMT’ LHIGHNVMT.
nonzero element in row i, and LHIGHi is the column number of the last

LOWi is the column number of the first

nonzero element in row i. (i = 1, NVMT)

c. Elements of [V/F] (FORMAT 6E12.8): The elements are

entered by row in the same manner as the columns in [M]. (Iltem 13c).
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19. Second and successive ''additional deflection mode' columns
(FORMAT 6E12. 8): Itis possibleto vary the additional deflection modal column
{h/H} to obtain two or more solutions for real or complex aerodynamic
stability derivatives. Use the input format given for Item 9 (or 12) repeating

the format for each new column.

C. Table of Option Requirements

To aid the program user in data deck setup, the following table shows
which of the above described 19 data’items are required to make up a data

deck for any option,

DATA ITEM

1 2 3 4 & 6 7 8 9 10 11 12 13 14 15 16 17 18 19
l1|/P PP P PP OO O OUPUPUPUPAAA - A
2|/P PP P PP O O O OUPUZPUPUPUPAA - A
. 3/lp PP P PP OO OOWPUPUPUPUP A A - A
Ol4|P PP A PP O A A A A A A A A A A A A
fls|P P P P OP OAAOPAAAPPTPAA
Ol¢lP P PP OPOAAAAPAAPPTPADO
8|p P P P OP OPUPAAAAAUPUPUPAMA
9|P P P P O P O A A A A A PPUPUZPUP A A
Is|{Pp P P P PP O A AP A A A A PPUP A A
16 |e— Set up for option (1, 2, or 3) being performed = A P A

P = must be present; A = must be absent; O = optional inclusion:

-= present when Option 16 is used with Option 1, 2, or 3.

Note: The above table applies to options performed singly with the exception
of Option 16 which must be used concurrently with Option 1, 2, or 3. Where
multiple options are to be performed with one data deck and an item must be
present for one of the options and absent for another, that item must be in-
cluded in the data deck. Also any data item indicated as present in the con-
trol card (Item 2) must be included in the deck, even though it may not be used

in the particular option(s) chosen,
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D. Example Keypunch Forms

Example keypunch forms are given on the following pages. Columns 73
through 80 are reserved for data deck identification and sequencing. Only
the cards with sequencing are used in the two data decks set up for the exam-
ple problem; the lines with Columns 73 through 80 left blank are for descrip-

tion of input.
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A.

SECTION IV
PROGRAM OUTPUT

Output for Each Option

In addition to all input data, the following is printed for each option.

1.

Option 1 (for each dynamic pressure)

a.
b.
c.

d.

Deformation mode

Total deflection mode
Final aerodynamic force distribution

Total force distribution

Option 2 (for each dynamic pressure)

a.

b.

Cc.

d.

€.

Incremental pitch angle

Deformation mode

Total deflection mode

Final aerodynamic force distribution

Total force distribution

Option 3 (for each dynamic pressure)

a.

b.

Aerodynamic lift

Incremental pitch angle

Deformation mode

Total deflection mode

Final aerodynamic force distribution

Total force distribution

=43
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4,

pressure,

5.

Option 4 (divergence)

a. For each mode: mode number, eigenvalue, divergence

and number of iterations

b. Divergence modes (eigenvectors)

c. Check eigenvalues

d. Check eigenvectors

Options 5, 6, 7, 8, and § (for each dynamic pressure)
a. Distributed force coefficients

b. Aerodynamic normal force, pitching moment, and rolling

moment coefficients

6.

c. Total chordwise center of pressure

d. Total spanwise center of pressure

e. For each strip: spanwise loading and local center of pressure.
Option 15 (for each dynamic pressure)

a. Corrected experimental force coefficients

b. Aerodynamic normal force, pitching moment, and

rolling moment coefficients

7.

c. Total chordwise center of pressure

d. Total spanwise center of pressure

e. For each strip:; spanwise loading and local center of pressure,.

Option 16 (for each dynamic pressure)
a. All data listed under the associated option (1,2, or 3).

b. Shear, moment, and torque at load stations.

B. Example Printout

The

Some of the results shown may be compared with similar calculations presented

in Ref. 7.

printout for the example problem is shown on th: following pages.
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SECTION V

PROCESSING INFORMATION

A. Operation

FORTRAN II MONITOR system

B. Estimated Machine Time

Because of the number of variables involved such as options, order of
system, number of dynamic pressures, etc., it is not possible to give a
practical method of estimating machine time. When the data are appropriate,
considerable time may be saved by performing as many options as possible in
one machine pass. Also, complete but independent data decks may be stacked

to save program read-in time.

C. Machine Components Used

About 26,000 core storages
Standard FORTRAN input tape (NTAPE2)
Standard FORTRAN output print tape (NTAPE3)

Four utility tapes (NTAPE4, NTAPE5, NTAPE6, NTAPES)
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SECTION VI

PROGRAM NOTES

A, Subroutines Used

In addition to the main program (page 77) the following subprograms

were used.
1. MPRINT, prints matrix in matrix format (page 91).'

2. MMULTD, computes the product [C] of the two matrices [A] and
[B] {page 95).

3. MREAD, reads a matrix in either column binary or FORTRAN
format (page 98).

4. BINRD, reads column binary cards (page 103).

5, RDLN, reads and prints title card (page 113).

6. MNVRSX, computes the inverse of a complex matrix (page 115).
7. INVERS, computes the inverse of a real matrix (page 118).

8. SWEEPX, computes true mode and sweeps it from the related
matrix (page 123).

9. CENTER, computes the aerodynamic coefficients, centers of

pressure, and spanwise loadings (page 128).

10. LOADS, computes the three loads options and the structural loads
suboption (page 133).

11. DERIV, computes the flexible load coefficients used in the derivative

options (page 143).
12, MITER, matrix iteration (page 149).
13. NPNRMZX, vector normalization (page 160).

14. DIVERG, divergent pressure calculations (page 165).
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B. Generalized Tapes

Input, print, and utility tapes in this coding are defined as logical units
2,3,5,6,7, and 8; however, these may be altered by piu .ug the desired units
on symbolic cards HMO30827 through HMO30832 in the main program.
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SECTION VII

FLOW DIAGRAMS
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nan goek s

FLOW DIAGRAM — MAIN PROGR/4

¢

TAPE REWIND
‘-—sznsmns EOUIVALENCE>—< COMMON FORMATS oerniTions ] TAPES

@)

<0 102
NCNRC: >0 ,
i .0 (i al=|0
Nesl =l NoxNRC READ: Q; (i=1,NQ) ESENT (o] = [0]
107 " No ne
CALL
MREAD READ READ: YES
{a]=[e] NXST, N :
Fomm oW [A] CIOKR M, L, IFORM, IROW [
NXST x NXST

(w]-[1)

(NEXST x NEXST)

STORE [A]
NTAPE 5

CALL
MREAD

[w)
NXSTx NXST

THERMAL
DATA
PRESENT

M, N, IFORM, IROW

CALL CALL
MREAD MREAD

[or7] {7}
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B T S N

GRAM -~ MAIN PROGRAM

™

TITLI<REAL
TAPE [ | rewno | | miTL2:compLx CALL ROLN READ: READ:
DEFINITIONS TAPES MAXR:50 TITLE CARD OPTIONS CARD CONSTANT CARD
MAXQ:20

102
105

PRINT:
[0] 0] STORE [a] READ: CALL MREAD STORE [a]  FLEXIBILITY
PRESENT NTAPE 4 M, N, IFORM, IROW (] NTAPE 4 M/Eni:x
[ ]

®

READ: READ. sTore [A] IF

NTAPE 4 WEIGHTING
[a] N BinaRY [a] ™ ForTRAN : RECORD 2 PRESENT

l !

READ:
M, L, IFORM, IROW

128 129 ( |3I)

127
, PRINT
READ READ. READ WEIGHTING sTore [w][cn]
M, L, IFORM [w] i~ Binary [w] N ForTRAN MATRIX NTAPE &
:

(v
| N

CALL
MMULTD MATR {m‘n} 20

{ATTIT}:[ar]{'/T}
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FLOW DIAGRAM — MAIN PROGRAI

PRINT:
ADDITIONAL
OEFLECTION

ODE

DEFLECTION
MOD!

hy/Ho

PRINT:
CHORDWISE
COORDINATES

{4

REWIND cALL sToRe [o] W] [ca) 0o CON = Kq 8/¢
NTAPE4, MMULTD AND REWIND 204 [a] = con [a]
A 10:1,NQ

NTAPES = [o] [w] [cn] NTAPES +[1

READ [d] CALL MMULTD READ ALL MMULT
< NTA:E4 >—< c: [A] [o] H BI;TE:QEEC'J Af[w] [c"] [A]D[¢]>_

NO
(= e
PRINT:
vES CORRECTED CALL CENTER
ATA+ B CALL MMBLID FORCE COEFF o REWINO 204
o: [ {cv} ) {3 NTAPES wo
2r
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RAM — MAIN PROGRAM (CONTINUED)

1¢ READ: |
MASS READ: M LL;, LH;
MATRIX i

%EDED

NO

[Mass]0 e

MASS MATRIX
ELEMENTS

CALL MMULTOD
{cum}-

[Mass] (s

vl s uT:::A . Cal
TAPES [Ch] [w]

©) (=) % ()

e L e Ve g '“ N Y

sTore [A]
NTAPES

192

CALL MNVRSX

(4™

MGOOF ¥ 0

PRINT:
INVERSE
ERROR

IF

] WTapes

«T1l-

IF DER. OPT
REQUESTED

CALL DERIV.

CALL DIVERG.



FLOW DIAGRAM — LOADS S8UBROUTINE

2 PRINT TITLE!
bl =[‘]| torove | ] frong). o
NVMT MATRIX

Mo CALL ‘
o} MBS
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3RAM — LOADS SUBROUTINE

PRINT TITLE: PRINT TITLE.

vES 00
a2 SHEAR MOMENT
ey COEFFICIENT NVMSs COEFFICIENT
MATRIX NVMT MATRI(

- +H 00
> w’ﬁ’i‘*fﬂ ‘( gy >‘<{e} mmﬂ)‘<>‘ b @

(i
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FLOW DIAGRAM — LOADS SUBROUT!

OFF

(=)

frhofel ([ pew o "o
+n{cum} A A:?Ai LienT

caLL cALL
MMULTD MMULTD
(o] {r"} {w}[a) {c}

REA
NTAP{

A=

TURN ON
SENSE
LIGHT

Z=QxZZ

812 Si4
Sx DD CALL {”& =K {”'} SENSE
MMULTD LIGHT

'< s

+ {H} -or {x} i

PRINT TITLE:
LOADS FOR
CONSTANT
ROOT ANGLE
OF AT TACK

828

TURN ON PRINT TITLE:
SENSE LOADS FOR
LIGHT TRIMMED

2 CONDITION

PRINT TITLE:
LOADS FOR
CONSTANT
LIFT
COEFFICIENT

PRINT:
z,0T

CALL
MMULTD

0=[FMoM] {r}

CALL
MMULTD

o:[rorau] {r}

YES

REWIND
NTAPE 8
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JIAGRAM — LOADS SUBROUTINE

@ 494 @

f
caLL cALL READ caLL IF N\oep/ = oAl > pr1}{F}-n{onnd
MMULTD MMULTD h SENSE T
\ {o}=[1{w} {m}= {0} A :E]' {r'i.:tE::Tlo{r,} LiouT 0: [:Tj{;:ux} oo [1] [s) {wenx}

o J

512 sie 516 @
et | e | [ e, \ Lol 88 | e
>' . {H}-DT {x} L ; .<{Hx}=[ﬂ] {F}>‘{"l} { ’} { } {Fo}' {F}_N {cum} ueln'r us|n1'

OFF

CALL
MMULTD

- [suear] {r}

558 ( 562 >
TURN ON TURN ON
SENSE SENSE @
LIGHT LIGHT
2

WIND
APE 8

-73-




FLOW DIAGRAM — DERIVATIVES SUBI

DIMENSIONS REWIND TAPES Imﬂfm_ TURN ON THERMAL Tul
EQUIVALENCE TURN OFF COEFFICIENTS SENSE STABILITY sl
COMMON SENSE LIGHTS REQUESTED LIGHT DERIVATIVES L

FORMATS NXz0 | REQUESTED,

OF S @ &

TURN ON PRINT TITLE: TURN ON PRINT TITLE: TURN ON P!

ON | SENSE LIGHT 2 AERODYNAMIC SENSE LIGHT 3 THERMAL SENSE
o}:{n H} STABILITY }= { } STABILITY LIGHT ol

{ / DERIVATIVES 0jsfor{m/7 DERIVATIVES 4

OFF

46

READ

NTAPE §

a=[w] [en]

{c}:{c}/a

OFF

TURN ON
SENSE
LIGHT
1

READ

NTAPE 8

TRASH

4

C

caLL
REWIND ) 1F + e MREAD i
TAPES = NOP(6)-1 NOP(6) o o=} ¢

N OFF ~0
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et ¢ e e S § PNRDS LU A ke

IRAM — DERIVATIVES SUBROUTINE

AERO TURN ON THERMAL
STABILITY \YES] SENSE STABILITY
DERIVATIVES
REQUESTED,

O)

A A ARG g MRS o UM W e e s

TURN ON
ON | SENSE LIGHT |

{D}=H° {n,/u,}

PRINT
TITLE:

INITIAL
COEFFICIENTS

O,

PRINT TITLE: PRINT TITLE: CALL READ
THERMAL INERTIAL MMULTD
E %/g]{o} NTAPE &
STABILITY DERIVATIVES { }, {}
DERIVATIVES o}-{e](N}{r} o:[w][cy
TURN ON
ONI  sewse
LIGHT
i
F
©) ) )
READ READ CALL ] CALL YES
NTAPE 8 NTAPE 8 MMULTD PRINT. CENTER 80
TRASH A={e] {o} : [8) {c} ﬂ-{”} {D} o
i} l
()
CALL PRINT:
SENSE
MREAD ADDITIONAL
=] LleHT 2 0e {n/N} DEFLECTION RETURN
ON MODE
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SECTION VIII
SYMBOLIC LISTING

Some of the program FORTRAN symbols are defined below.

FORTRAN Symbols

Definitions

A(1,J),B(1,J),C(I,T)

ATTIT(I,J)

Cl1OKR
CAPH
CAPHO
CAPN
CAPS
CAPT
CAPXO
CAPZ
CBAR
CNIN(I, J)

CZRE(I,J)
DELY(J)
F(1,7)
FA(LJ)

FLEXK
FMOM(J, K)
FR(I,J)
HADD(I, J)
HR(1,7J)

Elements of matrix ''working'' arrays; also elements
of [a], [C,], and [W]

Element of column matrix representing the product
[aT] {t/T}
l/kr
H
H
o
N
S (reference area)

T

(¢} ] Nox

Element of column matrix representing the product
M} {r/N}

Element of experimental force column matrix
ij (width of strip j)
Element of total force distribution column

Element of final aerodynamic force distribution
column

K

Element in load coefficient matrix [M/F]
Element of rigid force distribution column
Element of additional deflection mode column

Element of initial deflection mode column
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FORTRAN Symbols

Definitions

IFORM
IROW

L

LH(K)
LHIGH(J)
LL(k)
LOW(J)

NCPT(J)
NEXST
NOP(I)

NQ

NRC

NSTRP
NVMT

Q1)
SHEAR(J,K)
SMALS
TCCP
TORQU(J, K)
TSCP

X(1)

Y(1)

ZI(1,7J)

1 if matrix is in FORTRAN format;
0 if matrix is in column binary format

IFORM

IROW = 1 if matrix is input by rows;

0 if matrix is input by columns

un

Number of strips (partitions) in the surface
aerodynamic matrix

Row number of last nonzerc element in column k of
mass matrix

Column number of last nonzero element in row j
of [V/F], [M/F], or [T/F]

Row number of first nonzero element in column k
of mass matrix

Column number of first nonzero element in row j

Number of control points for strip j

Number of external stores reserved

Option i, Field i of control card (data Item 2) —»)
Number of dynamic pressures read in b
Order of current case

Number of surface strips used for derivatives options

Number of rows in [V/F],[M/F], or [T/F]

(ith) dynamic pressure

Element in load coefficient matrix [V/F]

8

Chordwise center of pressure

Element in load coefficient matrix [T/F]

Spanwise center of pressure

Element in chordwise coordinate matrix

Element in spanwise coordinate matrix

Location of jth control point for strip i

The symbolic listing of the program is shown on the following pages.
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